To evaluate the outcomes of hypospadias surgery according to age and to determine if some complications are agerelated.
Introduction
Hypospadias is one of the most common congenital malformations in boys. Over the past decade, there has been debate about hypospadias prevalence trends, its pathophysiology and the role played by environment in this condition [1] . Treatment of hypospadias is surgical and remains a challenge in paediatric urology. The complication rate ranges from 13 to 64% [2] . Many factors that may influence outcomes are well known, such as the severity of hypospadias and the repair technique, but other confounders are underestimated, such as the definition of complications, the completeness of data collection, the reproducibility of classification, the length of follow-up and the variable woundhealing capacity of the penile tissue [3, 4] .
Age at surgery may be one of these prognostic factors, and is of particular interest for several reasons. First, previous studies have reached varying conclusions with regard to whether or not age has an impact on the rate of urethroplasty complications [2, [5] [6] [7] [8] . Second, there is an increasing amount of data highlighting the effect of age on the healing process [9] . Last, the age at which genital surgery should be performed is a matter of intense ongoing discussion. Guidelines from both the American Academy of Pediatrics (AAP) and the European Association of Urology (EAU) recommend hypospadias surgery be performed when the child is aged between 6 and 18 months [10] . These recommendations about the optimal timing of hypospadias reconstruction are based on retrospective studies and expert opinion; however, some groups advocate delayed genital surgery, particularly for children with disorders of sex development, in order to involve the patient in the decision process and to get his point of view on this elective surgery [11] . Evidence-based recommendations are hampered, however, by the lack of follow-up studies comparing early with delayed surgery or any prospective studies in this area [12] . Exploring the impact of age on the results of hypospadias surgery is therefore of major interest.
Previous studies have mainly focused on the rate of reintervention or on a limited number of complications including fistula, glans dehiscence, urethral stricture, postoperative bleeding and meatal stenosis [2, 5] . Such a study design may, however, miss other adverse effects of late surgery, specifically those that do not require additional surgical procedures such as LUTS or healing problems. Moreover, the median age of the patients included in these series was quite low (9-17 months) and it does not reflect the new concerns regarding correction of disorders of sex development.
The present study was performed to investigate the impact of age on all complications in a series of older children.
Materials and Methods

Patients
Retrospective data were collected on boys who underwent primary hypospadias repair. All surgeries were performed in a single paediatric surgery centre between 2001 and 2013. Data on the level of hypospadias according to the division of the corpus spongiosum (glandular or penile anterior, penile midshaft, penile posterior and scrotal), patient's age at surgery, surgical technique, postoperative outcomes and length of follow-up were collected. Complications of urethroplasty were defined as the presence of stenosis, fistula, dehiscence, infection, haematoma, healing problems requiring additional local treatment, LUTS confirmed at debimetry, urethrocele and relapse of curvature. Re-operations were defined as any subsequent procedure including dilatation, meatoplasty, redo uretroplasty, uretrostomy, fistula closure, aesthetic and complementary curvature correction. Preoperative hormonal stimulation was performed on micropenis and/or posterior/peno-scrotal hypospadias, with either chorionic gonadotropin or testosterone. The boys were assigned to one of two groups according to their age at first urethroplasty: group 1, age ≤24 months and group 2, age >24 months. A threshold of 24 months was selected based on the guidelines from AAP and EAU and the mean age of toilet training in the paediatric population.
Statistical Analyses
Patients' characteristics were presented using median and range values for continuous variables and frequencies for categorical variables. The associations of severity of hypospadias and surgical technique with age of primary urethroplasty (≤24 months or >24 months) were assessed using chi-squared tests. Logistic regression analysis was used to evaluate the association between postoperative complications and severity of hypospadias, surgical techniques and age. Statistical analysis was performed using SAS software 9.3 (SAS Institute, Cary, NC, USA). For all tests a significance (a) level of 0.05 was used.
Results
Global Results
Descriptive Analysis
A total of 722 boys underwent primary hypospadias surgery between 2001 and 2013. Only boys who underwent urethroplasty were included, thus the cases were restricted to 501 boys. A total of 37 boys with missing data or lost to follow-up were excluded. Overall, data were analysed on 464 boys. The median (range) age at first urethroplasty was 4 (1-16) years ( © 2017 The Authors BJU International © 2017 BJU International 943 (14.2%); a tubularized incised plate procedure in 40 boys (8.6%), a Mathieu procedure in 29 boys (6.3%); a two-stage repair in 27 boys (5.8%); and other surgical procedures in 18 boys (3.9%). The mean (range) follow-up time after urethrosplaty was 26 (1-155) months. At least one postoperative complication was recorded in 168 boys (36.2%): fistula occurred in 12.9% (n = 60); stenosis in 8.2% (n = 38); LUTS in 4.96% (n = 23); relapse of curvature in 4.53% (n = 21); dehiscence in 2.3% (n = 11); healing problems/skin necrosis in 1.9% (n = 9); infection in 1.7% (n = 8); major haematoma or bleeding in 0.9% (n = 4); and urethrocele in 1.3% (n = 6). The sum of these complications is greater than the overall rate because some boys had multiple complications. In 106 boys (22.8%) a re-intervention was required: fistula closure was performed in 33 boys (7.1%), dilatation in 23 boys (5.0%), meatoplasty in 20 boys (4.3%), complementary curvature correction in 11 boys (2.4%), reopening of the urethra in 10 boys (2.2%), new urethroplasty in eight boys (1.7%) and ureterostomy in one boy (0.2%). Some complications, such as fistula, may have had different treatments and the sum of redo surgeries does not match the number of complications.
Logistic Regression Analysis
Before focusing on age, we first screened other factors that may influence the prognosis of urethroplasty. In accordance with previous literature, scrotal location of hypospadias was a significant predictor of complications (59.4 vs 34.2%; P = 0.003, odds ratio [OR] 2.81 [95% CI 1.35-6.03]). Preoperative hormonal stimulation was another risk factor for subsequent complications, with an OR of 2.18 (95% CI 1.07-4.50; P = 0.015). We did not find that one technique was superior to another.
Comparison According to Age
A total of 150 boys were included in group 1 (age ≤24 months) and 314 in group 2 (age >24 months). The mean age of each group at first uretroplasty was 18 and 67 months, respectively (P < 0.05; Fig. 2 ). The severity of hypospadias and surgical technique were compared between the groups (Table 1 ). The phenotypes were not significantly different (P = 0.72). The rate of complications was 26% (n = 39) in group 1 and 41% (n = 129) in group 2 ( Table 2) . Age was a significant predictor of complications (OR 1.98 [95% CI 1.26-3.13]; P = 0.002). When considering complications separately, none reached significance, but some age brackets appeared to be associated with a specific complication. Using a multivariable logistic regression model, we found that urethroplasty performed between 24 and 36 months increased the risk of secondary dyssynergy or voiding disorders (12.5 vs 3.6%; P = 0.01 [ Fig. 3] ). Surgery performed on boys after the age of 13 years tended to increase the rate of healing problems (1.5 vs 28.5%; P = 0.06).
Discussion
The optimum timing of hypospadias repair is a recurrent question and recommendations have changed in recent decades. Whereas surgery was recommended to be performed at age~5 years in the 1970s [13] , the AAP moved to recommend 6-18 months as the ideal age. This recommendation was based on expert opinion and was proposed either for severe hypospadias or for phenotypes of all severities [10] . There are many arguments for early surgery, including easy postoperative management with a double-nappy system, rare acute urinary retention, potentially better healing and lower psychological impact. Some surgeons even reported a very early surgical approach at 6 weeks old, although most authors agree that the first months of life should be avoided owing to anaesthesia-related risks, bleeding and morbidity [12, 14] . While the recommendations lean towards ever-earlier management, the opposite approach is increasing in popularity. Some groups offer to perform genital surgery later, in particular for severe malformations with uncertain sex, in order to include the patient in the decision process. Unfortunately, no comparative studies have been performed to evaluate outcomes in patients with primary severe hypospadias according to age. Nevertheless, a higher complication rate in adults than in children with similar degrees of hypospadias is suspected [15] .
To compensate for this lack of objective data, several studies have focused on the effect of age on the outcome of hypospadias surgery, with conflicting results. Whereas some groups showed that age does not have any deleterious effect [2, 5, 16] , others observed a greater rate of complications in older boys [6, 7, 17] . Some limitations of these studies may at least partly explain these discrepancies. First, the studies that did not identify age as a prognostic factor are characterized by the relatively young age of the population, with no pubertal or post-pubertal patients. Including these patients substantially modifies the conclusions. Yildiz et al. [6] reported that complication rates were 3.3% in boys aged between 6 and 18 months, 10.5% in boys aged 1.5-5 years, 10.2% in boys aged 5-10 years and 23% in boys aged 10-14 years. Our results confirm Canning's hypothesis [18] that reporting on pubertal patients may explain the varying conclusions among studies. In the present series, group 2 was relatively old (mean age >5 years) and the inclusion of boys aged up to 16 years may help to better assess the impact of delayed surgery. Series focusing specifically on the pubertal period are still needed.
The second limitation of some previous studies is a nonexhaustive collection of complications, usually limited to fistula, glans dehiscence, urethral stricture and meatal stenosis. Complications which do not require additional surgical procedures, such as healing difficulties or functional urinary troubles are frequently omitted. In the present study, the discrepancy between the rate of complications (36.2%) and the rate of additional procedures (22.8%) shows that these rates should not be confounded. When limiting our comparison to the re-operation rate, we did not find any significant difference according to age, consistent with the conclusions of Bush et al. [5] and Spinoit et al. [2] ; however, including all types of complications showed the role of age, with an OR of nearly 2 in boys aged >2 years. This also helped us in the identification of some age-related complications, such as LUTS, that are particularly frequent between the ages of 2 and 3 years. Anxiety is non-negligible in this age bracket. Peri-operative pain, despite general and locoregional analgesia, may also promote retention behaviours. In our experience, these patients may require biofeedback kinesiotherapy after exclusion of a urethral stricture. Urethral surgery and catheterization around the age of the toilet training process may not be harmless. Another age-related complication confirmed in the present study is the high frequency of healing problems in the peri-pubertal period. Whereas it was rare during infancy (7 out of 450 boys), it was more frequent around 13 years of age. The size of the present series was limited and, again, a specific study of pubertal patients is necessary to confirm the findings; however, numerous harmful factors with potential synergistic effects on the urethral healing are already known. First, androgen impregnation during puberty induces apoptosis of dermal papilla [4, 19] and alters dermal homeostasis [20] . Second, the urethral plate of hypospadias presents important age-related structural changes [9] . The extracellular matrix changes with age, with increased collagen content, scarce elastic fibres, low cellular density and rare vascular sinusoids all being negative factors for the healing process. Last, age modulates the production of cytokines [21] . In genitourinary fibroblasts, real-time PCR shows an increased expression of interleukin (IL)-6, IL-8, TNFa and TGFb mRNA with age. This local inflammation in pubertal patients may add its detrimental effects to the above-mentioned phenomenon.
The present study has some important limitations. It was retrospective and included several techniques and surgeons. Although it represents the real heterogeneity of care in hypospadias between centres, and although logistic regression analysis was performed, it does not reach the quality of a prospective controlled study, which would however be unethical to perform. Data on glans size were frequently missing and this was not included as a potential confounding factor. Inclusion of the anaesthetic complications, even if rare, should not be overlooked. Last, a systematic psychological assessment would help to evaluate the potential interference of surgery with the emotional development and acquisition of the body scheme in early childhood [22] .
Overall, the present study shows that late surgery may be detrimental for patients with hypospadias. In addition to the global increase in complications, we show that some complications may be age-related. LUTS are frequent after surgery during the toilet-training process. Healing problems during puberty add to the surgical difficulties. Future studies should be as exhaustive as possible in their assessment of complications, i.e. not limited to additional surgery, and should not exclude pubertal boys so as not to underestimate the effect of age. While there is an ongoing quest to minimize complications in hypospadias reconstruction, the late genital surgery option raises new questions and challenges.
